Two efficient and direct procedures have been developed for the preparation of 1-amidoalkyl-2-naphthols by a one-pot condensation of aldehydes, 2-naphthol, and amides in the presence of trichloroacetic acid or cobalt (II) chloride as catalyst. e reactions were carried out under solvent-free media. High yields, short reaction times, easy workup of the catalyst are advantages of these procedures.
Introduction
Multicomponent reactions (MCRs) have attracted a considerable attention in organic syntheses as they can produce the target products in a single operation without isolating the intermediates and thus reducing the reaction times and energy [1, 2] .
Compounds bearing 1,3-amino oxygenated functional groups are ubiquitous to a variety of biologically important natural products and potent drugs including a number of nucleoside antibiotics and HIV protease inhibitors, such as ritonavir and lopinavir [3] [4] [5] [6] . It is noteworthy that 1-amidoalkyl-2-naphthols can be converted to important biologically active 1-aminomethyl-2-naphthol derivatives by amide hydrolysis reaction. e hypotensive and bradycardic effects of these compounds have been evaluated [7] . e preparation of 1-amidoalkyl-2-naphthols can be carried out by multicomponent condensation of aryl aldehydes, 2-naphthol, and acetonitrile or amide in the presence of Lewis or Brønsted acid catalysts [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Although, these approaches are satisfactory for synthesis of 1-amidoalkyl 2-naphthols, the harsh reaction conditions, expensive reagents, use of toxic organic solvents, and long reaction times limit the use of these methods.
Due to extending our interest in the development of practical, safe, and environmentally friendly procedures for several important organic transformations [21] [22] [23] [24] , we now describe a simple, general, and efficient protocol for the synthesis of 1-amidoalkyl-2-naphthols by one-pot condensation reaction of 2-naphthol, aldehydes, and acetamide using catalytic amounts of trichloroacetic acid or cobalt (II) chloride under solvent-free conditions (Scheme 1).
Trichloroacetic acid and cobalt (II) chloride are readily available and inexpensive reagents and can conveniently be handled and removed from the reaction mixture. us, the remarkable catalytic activities together with their operational simplicity make them the most suitable catalysts for the synthesis of 1-amidoalkyl 2-naphthols. Trichloroacetic acid has been used by our group for the synthesis of dihydropyrano [2,3-c] pyrazoles [21] , tetrahydrobenzo [a] xanthen-11-ones, and dibenzo [a, j] xanthenes [22] .
Results and Discussion
To optimize the reaction conditions, the reaction of 2-naphthol, benzaldehyde, and acetamide was used as a model reaction. Reactions at different conditions and various molar ratios of substrates in the presence of trichloroacetic acid revealed that the best conditions were solvent-free at 120 ∘ C using catalytic amounts (30 mol%) of trichloroacetic acid. A slight excess of the acetamide was found to be advantageous and hence the molar ratio of 2-naphthol to acetamide was kept at 1 : 1.3. us, we prepared a range of 1-amidoalkyl-2-naphthols under the optimized reaction conditions: 2-naphthol (1 mmol), aryl aldehydes (1 mmol), and acetamide (1.3 mmol) in the presence of trichloroacetic acid (0.048 g, 30 mol%). A series of 1-amidoalkyl-2-naphthols was prepared in high to excellent yields. Several examples illustrating this novel and general method are summarized in Table 1 .
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In all cases, aromatic aldehydes with substituents carrying either electron-donating or electron-withdrawing groups reacted successfully and gave the products in high yields. It was shown that the aromatic aldehydes with electronwithdrawing (NO 2 , Cl, Br, F) groups reacted faster than the aromatic aldehydes with electron-releasing (Me, MeO) group as would be expected. As reported in the literatures [8] [9] [10] [11] [12] , the reaction of 2-naphthol with aromatic aldehydes in the presence of acid catalyst is known to give ortho-quinone methides (O-QMs). e same O-QMs, generated in situ, have been reacted with acetamide to form 1-amidoalkyl-2-naphthol derivatives. A reasonable explanation for this result can be given by considering the nucleophilic addition to O-QM intermediate favorable via conjugate addition on , -unsaturated carbonyl group that aromatizes ring of this intermediate. e electron withdrawing groups (EWD) substituted on benzaldehyde in O-QM intermediate increase the rate of 1,4-nucleophilic addition reaction because of alkene LUMO is at lower energy in the neighboring withdrawing groups than electron-donating groups (EDG) [25] . e reactions of aliphatic aldehydes ( [12] .
e reaction can also proceed with different amides (acryl amide or benzamide) instead of acetamide (Table 1 , entries [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In all these cases, the corresponding 1-amidoalkyl-2-naphthols were obtained in good yields at 120 ∘ C without formation of any side products such as dibenzoxanthenes, which are normally observed under the in�uence of strong acids. It is important to note that the synthesis of 1-amidoalkyl-2-naphthols could not be achieved in the absence of catalyst (Cl 3 CCOOH).
Under the same conditions (solvent free at 120 ∘ C), we have used cobalt (II) chloride instead of trichloroacetic acid as a catalyst. Having established the reaction conditions, various 1-amidoalkyl-2-naphthols were synthesized in excellent yields by the reaction of different aromatic aldehydes with 2-naphthol and acetamide (Table 1 ). In all cases 1-amidoalkyl-2-naphthols were the sole product and no by-product was observed. e reaction of aromatic aldehydes with 2-naphthol and different amides including acryl amide and benzamide under similar reaction conditions also provided the corresponding 1-amidoalkyl-2-naphthols in high yields (Table 1) .
e proposed mechanism for the trichloroacetic acid catalyzed preparation of 1-amidoalkyl-2-naphthols from the reaction of 2-naphthol, aromatic aldehydes, and amides is shown in Scheme 2.
All products are known and were identi�ed by IR and NMR spectral analysis and the results were con�rmed by comparison with those available in the literature. Table 2 compares the features of the previously reported procedures with those of the present methodology for the synthesis of N-[Phenyl-(2-hydroxy-naphthalen-1-yl)-methyl]-acetamide.
Conclusion
In conclusion, we have developed very simple and efficient methods for the high-yielding synthesis of 1-amidoalkyl-2-naphthols by one-pot three-component coupling of 2-naphthol, various aromatic aldehydes, and amides using trichloroacetic acid or cobalt (II) chloride as catalyst. ese methods offer some advantages in terms of simplicity of performance, low reaction times, solvent-free condition, and low cost, and it follows along the line of green chemistry. e catalyst is readily available and inexpensive and can conveniently be handled and removed from the reaction mixture.
Experimental
Products were characterized by comparison of their physical and spectral data with those of authentic samples. All yields refer to isolated products aer recrystallization. IR and NMR spectra were recorded on Perkin Elmer 781 and Bruker DPX500 machines. e progress of the reactions was monitored by TLC.
Typical Procedure for the Preparation of 1-Amidoalkyl-2-Naphthols Using Trichloroacetic Acid (Method A).
A mixture of 2-naphthol (1 mmol), aldehyde (1 mmol), amide (1.3 mmol), and CCl 3 COOH (0.048 g, 30 mol%) was stirred at 120 ∘ C for the appropriate time indicated in Table 1 . progress of reactions was monitored by TLC (ethyl acetate/nhexane = 1/4). Aer completion of the reaction, a solid was obtained. It was washed with water and puri�ed by recrystalization from ethanol to afford pure products. 
Typical Procedure for the Preparation of 1-Amidoalkyl-2-Naphthols Using Cobalt(II) Chloride (Method B

